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Abstract: Andrographis paniculata is a noteworthy Ayurvedic herb that has antioxidant and anti-inflammatory
properties and conventionally been used to deal various liver-related diseases. Thus, this study concentrates on
isolation and identification of endophytic fungi from different parts of this plant, assess their antimicrobial
activity, and examine the presence of phytochemicals, in order to evaluate the plant’s potential as a source of
bioactive compounds for pharmaceutical or agricultural applications.

Research methods: For the isolation of endophytic fungi, the plant sample has been fragmented from various parts
of the plant, such as- from leaf, stem and roots and each fragment then surface sterilized with the procedure given
by Bayman [4]. Treated fragments were inoculated on Potato Dextrose Agar (PDA) and Czapek Dox Agar (CDA)
plates and incubated at 25 + 2°C for 7-10 days. Antagonistic activity of the fungal isolates against selected
pathogens were measured using dual culture method given by Talapatra [39]. The plant extract was used for the
initial phytochemical screening using standard protocols from earlier studies [12; 3; 36; 37].

Findings and values: The three dominant fungal endophytes from 4. paniculata were isolated: Aspergillus sp.
(LP1- from leaf fragment), Colletotrichum sp. (SP1-from stem fragment), Penicillium sp. (SR1- from root
fragment). In dual culture assessment it has been found that Aspergillus and Penicillium spp. hinder the growth
of Escherichia coli, whereas Colletotrichum sp. completely overgrew the bacterial pathogen Escherichia coli. The
phytochemical screening confirms the existence of phenols, alkaloids and flavonoids in the stem sample whereas
alkaloids and flavonoids are present in the leaf sample. Tannin and saponin were absent is both the parts. Thus,
these findings support the plant’s potential as a bioresource for antimicrobial and bioactive compounds.

Keywords: Andrographis paniculata; Fungal endophytes; Antimicrobial activity; Phytochemical screening; Dual
culture method.

1. Introduction:

Andrographis paniculata (Burm.f.) Wall. ex Nees., also known as "Kalmegh" or "Green Chiretta" is a medicinal
herb extensively used in traditional medicine, predominantly in Ayurvedic and Traditional Chinese as well as
Indian Medicine. Acknowledged for its bitter taste, the plant is often referred to as the "King of Bitters." The
active compounds in Andrographis paniculata—primarily andrographolides—have shown various health aids due
to their anti-inflammatory, antioxidant, and antimicrobial properties. Its extracts exhibit a wide range of
bioactivities, including antioxidant, immunostimulatory, antidiabetic, anti-infective, anti-angiogenic, sex
hormone—modulating, antimicrobial, cytotoxic, antiparasitic, anti-inflammatory, hepatomodulatory, insecticidal,
and toxicological effects. [23]. Andrographis is a genus within the family Acanthaceae, comprising approximately
40 species. Among them, Andrographis paniculata is the most widely recognized due to its extensive use in
traditional medicine. It is an erect, annual, and branched herb that typically grows 0.5—-1 m in height. Originally
endemic to the Indian subcontinent—particularly Peninsular India and Sri Lanka—it has since become widely
distributed across Southeast Asia, China, the Americas, the West Indies, and Christmas Island. The aerial parts of
the plant possess notable medicinal properties and contain a diverse array of phytochemicals, including flavonoid
diterpenoids, diterpene glycosides, flavonoids, and other glycosides. Well-designed clinical trials have
demonstrated its safety and efficacy in alleviating symptoms associated with common upper respiratory tract
infections [2]. Apart from having extensive medicinal properties, this plant harbours a wide range of endophytic
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fungi which lives within plant tissues without causing any harmful effect. They build a beneficial symbiotic
association, enhancing plant growth, stress tolerance, and defence against pests and pathogens. Found in diverse
ecosystems, these fungi contribute to nutrient cycling, produce growth-promoting compounds, and play key roles
in plant health. Growing research on endophytic fungi underscores their significant potential in agriculture,
biocontrol, and biotechnology, largely due to their ecological diversity and beneficial interactions with host plants.
However, our current understanding of endophyte diversity remains limited [32]. Many types of endophytic
microorganism, lives inside plant tissues throughout their lives or during a certain period of their life cycles and
causes no visible damage or morphological changes. They are potential sources of novel natural agents for
manipulation in the pharmaceutical industry, agriculture, and in environmental applications. Endophytic fungi has
the ability to produce the same metabolic components as the host plant as it can obtain certain matching genes of
the host by feasting on the host DNA and also act as initiators to swiftly activate specific genes in the secondary
metabolic pathways of medicinal plants [33]

2. Materials and Methods:

2.1 Sample collection:

For the present investigation, the plant samples were collected from Kamarkuchi village, Sonapur, Assam (India)
in a sterile polyethene bags and were directly transported to the laboratory. They were stored in the refrigerator at
4°C for further use.

2.2 Isolation and characterisation of fungal endophytes:

The surface sterilization was perforem using the slight modified protocol given by Bayman and his associates [4].
At first, the samples were rinsed properly under running tap water to remove the dirt and debris from the sample.
Then stems, leaves and roots of the plant sample were chopped in small fragment (0.05 mm aprox.) and dipped
in 70% ethanol for 1 minute followed by treatment with 2% (v/v) sodium hypochlorite (NaOCI) for 3 minutes.
Then re-immersing them in 70% ethanol for 30 second. After this, the samples were finally rinsed several times
in sterilized distilled water to remove any traces of surface sterilant.

Efficiency of surface sterilization is additional checked by transferring the surface sterilized samples in Sml of
distilled water and stirred suitably for 1 minute. An aliquot of 0.5 ml water obtained was inoculated on PDA
(Potato Dextrose Agar) medium and incubated at 27°C + 2 for 7 days (Fig.1). Plates which exhibited negative
result considered as successfully surface sterilized and used for isolation of endophytic fungi [30]. PDA plates
were prepared for inoculation of fungal endophytes from stem, leaf and root, whereas the CDA plates were used
to maintain the pure culture. The inoculated plates were set aside in the BOD Incubator (25°C £2) for 7-15 days
and observed on a regular basis. Morphological and microscopic characters viz. growth pattern, colony color,
surface texture, spore production, mycelial structure, etc. has been considered for the identification of the isolates

up to genus level by referring to some standard monographs [10; 8; 5; 35].

Figurel: Showing the growth of fungal endophytes on mother plate.
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2.3 Antagonistic activity of the isolated fungal endophytes:

Dual culture assay for the isolated fungal endophytes against selected pathogens (Bacteria- Escherichia coli and
fungi- Fusarium sp.) were done by following the modified protocol of Talapatra et al. (2017) [39]. The culture
plates were incubated for 1-2 weeks at 36°C £2 and 25°C +2 respectively for bacterial and fungal pathogens against
the isolated endophytic fungi. Over the course of work, plates were checked and measured the growth of both the
pathogen and antagonist at regular intervals and the inhibition zones were recorded, if any.

2.4 Qualitative analysis of phytochemical screening:

To perform this experiment, the samples were set by cleaning with distilled water, drying under sun light for 2-3
weeks to get the fine powder through grinding.

2.4.1 Methanol extraction:

Plant material to execute this experiment was extracted using an 80% methanol solution at a 1:10 (w/v) ratio. The
mixture was briefly shaken and macerated for 72 hours with intermittent agitation to enhance phytochemical
release [15]. Following filtration, the extract was air-dried in Petri plates at room temperature. The dried residue
was then scraped, transferred to Eppendorf tubes, and stored at 4 °C until further analysis. This maceration
technique effectively preserves bioactive constituents for subsequent evaluations.

2.4.2 Phytochemical screening:

The solution was used to precursory phytochemical screening following standard approaches constructed on
various articles [14; 3; 41; 40].

2.4.2.1 Test for Phenolic: A few drops of FeCl3 (10 %) solution was added in a 1 ml plant extract. The formation
of green, red, purple, red, or blue-black colour indicated the presence of phenolic.

2.4.2.2 Test for Alkaloids (Wagner’s Test): About 0.5ml of plant sample was treated with four to five drops of
wagner’s reagent and formation of reddish-brown precipitate (or coloration) was observed.

2.4.2.3 Test for Flavonoids (Alkaline reagent test): 2ml of extracts was treated with few drops of 20% sodium
hydroxide solution. Formation of intense yellow colour, that becomes colourless on addition of dilute hydrochloric
acid, indicates the presence of flavonoids.

2.4.2.4 Test for Tannins (Ferric Chloride Test): 1 ml of plant extract solution was stirred with 5 ml of distilled
water. The formation of a blue, blue-black or blue-green colour or precipitation on the addition of (5%) FeCl3
solution indicated the presence of tannins. The occurrence of blue-black colour showed the presence of gallic
tannins and a blue-green colour indicated presence of catechol tannins.

2.4.2.5 Test for saponins (Foam Test): About 1 ml of plant extract solution was mixed with 3 ml of boiled water
and shaken vigorously. If a foam was produced and it was stable for 1-2 minutes and persisted on warming, its
evidence for the presence of saponin.

3. Results and Discussions:

3.1 Isolation and identification of Endophytic Fungi:

In the present study, three dominant fungal endophytes from the query plant viz. Aspergillus sp. (LP1),
Colletotrichum sp. (SP1) and Penicillium sp. (SR1) were isolated (Table-1), these endophytric fungi also found
to be common in various studies related to medicinal plants [13; 34]. Fungal endophytes, particularly species of

Aspergillus, Penicillium, and Colletotrichum, play a crucial role in ecological systems and pharmaceutical
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research due to their remarkable capacity to biosynthesize diverse secondary metabolites with significant

antimicrobial, anticancer, and immunomodulatory activities [9; 23].

Table No.1: Morphology characteristics of macroscopic and microscopic observations of the isolates.

Plate Macroscopic characteristics Microscopic characteristics Fungal isolates
No. name
LP1 Colonies consists of compact white or | Conidiophores are protrusions Aspergillus sp.
yellow felt with a dense layer of brown from septate and hyaline
to black conidiophores, the reverse is hyphae, conidia heads appear
cream to yellow. radial and split into
columns(biseriate). Mycelium
also known as biofilm.
SP1 Characterized by oblong colonies vary | Characterized by acervuli that | Colletotrichum sp.
in appearance ranging from fibrous, produce dark brown setae and
compact and cottony colonies, color hyaline, aseptate conidia that
usually white to greyish or greyish germinate to produce
green. appressoria.
SR1 Colonies growing in shades of green, | Multicellular mycelium mostly Penicillium sp.
faster, mostly flat, filamentous and branched, multinucleated and
cottony in texture. septate long thread-like
filamentous structure known
as hyphae, conidia are
produced from cells called
phialide, sexual reproduction
is formation of ascospores.

3.2 Antagonistic activity against pathogens:

The isolated and identified endophytic fungi were subjected to dual culture assays against both bacterial
(Escherichia coli) and fungal (Fusarium sp.) pathogens to evaluate their antagonistic potential (Fig. 2 & 3). In
this study, we observed that Colletotrichum sp. excellent antibacterial ability as it completely overgrew the
bacterial pathogen used. This aligns with studies showing Colletotrichum sp. producing bioactive metabolites
effective against Gram-negative bacteria [12] whereas, Aspergillus niger and Penicillium sp. showed mutual
inhibition, indicating competition for nutrients or antibiotic secretion [20]. A. niger and Colletotrichum sp. both
showed inhibition of fungal pathogen Fusarium sp. upon contact most probable due to antibiosis or

mycoparasitism [32], supporting Shang (2016) findings [34].
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Figure 2: Dual culture assay against bacterial pathogen (Escherichia coli); LP1: Aspergillus sp., SP1:

Colletotrichum sp. and SR1: Penicillium sp.
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SP1

Figure 3: Dual culture assay against fungal pathogen (Fusarium sp.); LP1: Aspergillus sp., SP1:
Colletotrichum sp. and SR1: Penicillium sp.
3.3 Phytochemical Screening:
The leaf and stem components of Andrographis paniculata were subjected to qualitative phytochemical screening,
with 80% methanol employed as the extraction solvent (Fig. 4). The phytochemical screening using methanol
extracts stems contained phenols, alkaloids and flavonoids, while leaves had alkaloids and flavonoids but no
phenols (Table 2). These findings correlate with traditional uses of 4. paniculata for antimicrobial and anti-

inflammatory effects [2].

Solvent Methanol
Phytochemica Phenol Alkaloid Flavonoid Tannin Saponin
1
Stem Extract — sg_: W‘
o |

Leaf Extract

Figure 4: Qualitative phytochemical screening from the stem and leaf extract.

Table 2: Phytochemical assay for the various secondary metabolite with 80% methanol

SI. No. Phytochemical Methanol
Stem Leaf
1 Phenol + -
2 Alkaloid + +
3 Flavonoid + +
4 Tannin - -
5 Saponin - -

Present + ; Absent —

4. Conclusion:
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The present study signifies the importance of Andrographis paniculata and the endophytic fungi associated with
it. In this investigation we were able to isolate and identify the three dominant fugus species viz. Aspergillus sp.,
Colletotrichum sp., and Penicillium sp. which demonstrated outstanding antagonistic activity against E. coli and
Fusarium sp. The presence of bioactive compounds such as phenols, flavonoids, and alkaloids were established
through Phytochemical screening supporting the plant’s traditional uses. The ability of endophytes to produce
similar metabolites as the host underscores their potential in sustainable pharmaceutical and agricultural
applications. This work advances our knowledge of the interactions between microbes and plants and encourages
more research into endophytic fungus as potential sources of new bioactive substances.
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